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INTRODUCTION 


Helicopter sea rescue during aircraft carrier flight operations has been extensively in- 
vestigated. The addition of SCUBA-equipped personnel to this approach obviously en- 
hances any probability for the success of this work, due to the additional time afforded. : 
However, well-coordinated operations using these elements in combination necessitates 
the consideration of several diverse factors. Fighter aircraft 'porpoising" on "take off" 
present the most stringent ditching and, therefore, rescue problems. z Time available 
for both arrival at rescue scene and actual rescue; plus pilot psychological factors, in- 
cluding reaction and refraction Hime®, are but two of these difficulties. Due to these and 
many other factors, rescue services for aircraft "porpoising" upon take-off from an air- 
craft carrier will be considered as most important. The information dealing with these 


rescue activities will, in turn, be fully applicable to any such operations. 


In cases where fighter aircraft have "porpoised", there are certain known Similarities: 
the aircraft is fully loaded and, presenting its greatest density, will sink almost imm- 
ediately. Its sink rate will be high, due to the vehicle's density and low flotation. z The 
vehicle will sink tail first. The pilot, on entry, will be either conscious and able to 
assist himself, or dead; and, due to the first two factors, time available to perform . 
any rescue operations will be at an absolute minimum. Review of these factors reveals 
the success of any attempted SCUBA assistance to fighter-aircraft rescue operations 
depends on the time consumed in getting into action. Hence, any equipment contingent 
to SCUBA rescue must require minimum or no preparation time for use and be extrem- 


ely reliable. 


Of the tools necessary to expeditiously perform such rescue operations, adequate com- 
munications between SCUBA diver and his home vehicle would be the most desirable. 
This discussion, then, investigates the means by which such communications could 


feasibly be sustained with minimum preparation and maximum reliability. 


SCUBA Divers Do PitchIn"', Approach, August 1960, pp. 36-38. 


ota LCDR David M., "Ditching Land Planes'', Approach, August 1960, pp. 2-19. 


*Gottsdanker, Robert, "Reactions to Sequences of Signals''", MH Aero Document U-Ed 
6108:1959 (AD 235 167). 


ile rate figures for various aircraft have been generated ranging from 3 to 12 feet per 
second. One firm figure in the literature is 8 feet per second for swept wing jet aircraft 
("Underwater Escape", Approach, July 1960, pp. 29). 


Digitized by the Internet Archive 
in 2023 with funding from 
Amateur Radio Digital Communications, Grant 151 


https://archive.org/details/underwatercommunOOunse 


SECTION I 
THE PROBLEM 


Maintaining underwater voice communications during SCUBA rescue activities is a prob- 


lem of major importance. Many solutions are possible; however, few are feasible. 


In the following discussion, equipments, system approaches, and design considerations 
are made for submarine communications at any depth. Foreseeably, only in rare in- 
stances will recovery, retrieval, or rescue be attempted within 15 feet. Compressed 
air SCUBA descent is not restricted to such depths. "Rebreathing" or "closed circuit" 
devices, which immediately limit any dive to 33 feet are, therefore, not practical for 
deep descent” and will not be further considered. The final communications system 


will, nonetheless, be compatible with all SCUBA units. 


Adding to this information a knowledge of marine topography, from foreshore to offshore, 
gives us a diving requirement far exceeding the designated 15 feet. During aircraft res- 
cue in open sea, the inherent ability of SCUBA equipments to perform at depths to 200 
feck. would allow several minutes of working time not permissable through any other 


means. 


Several schemes have been commercially presented attaining to effective underwater 
communications for SCUBA equipped divers. Units now being marketed fail in this 
goal, with reason. Though both technically sound and operable within extremely narrow 
limits, they fail to provide real voice communications. Between submerged diver and 
surface, or between divers, the failure of so-called SCUBA communicators lies in an 


impractical approach to end pieces for use by the diver himself. u 


In fulfilling the requirements for clear voice transmission, the diver's mouth should not 
be restricted and breathing noise held to a minimum. Consequently, commercially avail- 


able designs neglecting these factors have to contend with high ambient breathing noises 


D aoe : ee 
Morgan, Bev, ''Diving with Safety", U.S. Diver's Co. , 1956, pp. 40-41, 50-53. 


She normal limit of Navy SCUBA working dives is usually held to between 130 and 150 
feet. This depth is determined at the discretion of the diving officer. Dives to 300 feet 
are possible but, due to nitrogen narcosis, real work at those depths would be impossi- 
ble. 


‘Waimwrieht, Walter N., "Comparison of Hearing Thresholds in Air and in Water", The 
Journal of the Acoustical Society of America, Vol. 30, No. 11, November 1958, pp. 
1025-1029. 
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and complete loss of high-frequency speech components (fricatives and labial dentais). ‘ 


Therefore, before proceeding with any discussion of actual communications hardware, 
it is suggested full-face plates, or some other means for freeing the diver's mouth, be 
investigated, Clean vocal inputs, regardless of the system's sophistication, will deter- 
mine the operability of any solution, with proper overall system functioning dependent 
upon this point. Once this has been resolved, actual electronic hardware poses no great 
difficulty. 


Essentially, four basic approaches can be made in submerged-to-surface or submerged- 
to-submerged transmissions. The first of these is the most available, yet least realis- 
tic, and simply consists of having the diver surface each time he wishes to transmit to 
his base of operations (assumed to be a helicopter for this discussion). Immediately, 
the major difficulties of this approach can be seen. The possibility of decompression 
difficulties for the diver, in multiple ascents and descents, is always present;” trans- 
missions would be potentially interrupted, as the equipment must shed water prior to 
transmission in each surfacing action; and, of utmost importance, great time is 

wasted in ascending and descending. In fact, this last item, "ascent and descent", 
precludes consideration of this as a plausible solution. With a nominal sink rate of 

but eight feet per second, it would be impossible for a diver to even consider com- 


munications; he simply wouldn't have time. i 


The second approach has all the availability of the first, yet allows the diver to stay 
submerged while maintaining full communications with the home vehicle. As prospect- 
ively seen, the diver and equipment necessary for his task will be dropped by helicopter 
at the scene of the operation. Basic among those equipments dropped with a diver in 
relatively isolated open water would be a float. vu In such circumstances, this float per- 
forms several important tasks. Among these are locator duty for both the diver, below 
the water's surface, and the helicopter above; a rest- and pickup-station for both the 
diver and rescued party (or parties); and vehicle for surface-to-air transmission com- 


ponents of the communication system. In this approach, a radio-transmitter, 


6 Wainwright, Walter N., op. cit., p. 1027. 


Navy Standard Air Decompression Tables 1 through 5, Educational Research Report 
6-57. 


10; :inderwater Escape", Approach, July 1960, p. 10. 
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microphone/speaker combination, reel of submersible telephone line, and necessary 
jacking, would be included as integral portions of the float. ia Once in the water, a 
head-set and microphone (which the diver would be wearing prior to water entry) 

could be easily connected to the wire reel on the float, communications verified while 
the diver was still on the surface, and then the dive proceeded with. On descent, wire 
from the reel would be fed out automatically to the diver, enabling him to maintain two- 
way communications with his home vehicle throughout the operation. Should difficulties 
be encountered by the submerged diver, he could ditch his tanks and equipment (includ- 
ing his telephone cabling) and return to the surface. Communication could then be re- 


newed through the microphone/speaker integral to the float. 


This approach offers low cost, availability, and high operating reliability. Its limita- 
tions lie in the use of cable. That cable must be used will hinder the diver immeasur- 
ably in the presence of weed or other entanglements; restrict him by its length; and 
impose the constant hazard of being severed. Above all, time requisite to reach the 
float, complete cable connections, and verify system operation, all prior to diving, 
would immediately disqualify this approach. Rescue of the pilot takes full precedence; 


time consumed in preparation immediately defeats this. 


The third approach would essentially follow the general configuration of the second, 
insofar as a float would be used. However, instead of a wire reel combination with its 
necessary connections and dive limitations, the float would mount a hydrophone/audio 
amplifier combination in conjunction with the UHF transceiver. Diver carried equip- 
ment would include the headset mentioned above, plus a second hydrophone/audio amp- 
lifier combination. Communications would be sustained through transmitting raw audio 
into the water. In this manner, no time is lost in preparation. Jacking and verification 
are condensed to verification alone (and this is accomplished on descent). The diver, 
once at the scene of his operation, can go directly to work without worry of entangle- 
ment, snagged lines, disrupted communications due to disconnection of his headset, 

or cable severing. Should more than one diver be working on the same operation, such 
a system would permit communication between them as well as with the surface. Too, 


situations demanding the diver ditch his gear would not break contact, as all communi- 


a esentially; the diver's gear would be a redesigned, repackaged form of a presently 


available commercial unit. This unit, as marketed, however, is completely unusable 
as it does not consider vocal inputs, quick release jacking, suitable earphones, etc. 
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cations gear would be integral to his exposure suit. Investigations into this approach have 
been made which will give us some idea as to its feasibility and/or plausible improve- 
ments. A In one report dealing with this method of underwater communication (so-called 
"Buddyphones") in which both "recirculating" ("rebreathing"”) and conventional SCUBA 
equipments were used, the "recirculating'’ SCUBA devices were found more desirable 

due to their low operating noise (no water discharge of exhausted air creating high level 
disturbances in the audio spectrum), At the outset of this discussion the inherent limita- 
tions of "closed circuit" diving equipment were noted; namely, the maximum depth to 
which a diver might safely descend --- 33 feet. Although, this scheme seems entirely 
feasible, the obligation to "rebreathing'’ SCUBA imposes an unnecessary limitation. On 
further investigation other objections become obvious. The testing procedure for this 
method of communication was carried out in a fresh-water pond, the surface condition 

of which was not mentioned. In addition, the ambient temperature of this pond was 

from 72°F to 74°F, the maximum depth at which testing was performed was 10 feet, 

and the maximum communication distance between divers (in a quiet area) was assumed 


to be fifty yards. 


SCUBA communications, as foreseen by this author, will not be confined to calm fresh- 
water ponds within a limited depth, nor at distances as short as 150 feet. The open sea 
does not present such near ideal conditions. Audio spectrum losses, should this method 
be placed in use, would not be tied to the type SCUBA equipment used. Marine acoustic 
phenomena (backscatter, refraction, ambient noise, bottom absorption, thermoclimatic 
absorption, etc. jas would impose greater losses and distortions than any communica- 
tions system could afford and stili be termed reliable. This approach, with its com- 
plete freedom of the diver; the possibility of communication between divers; and an ab- 
solute minimum of preparation time would seem to offer much that is desirable. In 
sight of the technological difficulties and limitations contingent to it, however, this 
scheme must be seen as a Starting point from which a more satisfactory system can be 


derived. 


The fourth approach is that of the diver-float combination, as outlined above; but, in- 


stead of a hydrophone/amplifier combination, there would be --- integral to the float --- 


Fe Wainwripht, Walter N., op. cit., pp. 1025-1029; and, Hamilton, P.M., "Underwater 
Hearing Thresholds", The Journal of the Acoustical Society of America, Vol. 29, 
No. 7, July 1957, pp. 792-794. 


aacee articles on underwater acoustics in bibliography. 
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a supersonic transducer/transceiver device. The diver, for this system, would have a 
second supersonic transducer/transceiver unit affixed to his suit. As can be seen from 
the cursory transmission analysis of pure audio spectrum signals in water, there exist 
certain unsurmountable technical obstacles. By using a slightly more sophisticated 
approach, the desirable aspects of the third system can be retained while its difficulties 
are resolved. This can be accomplished by modulating a supersonic carrier with a com- 
pressed audio signal (vocal input) and in doing so immediately take advantage of the low 
underwater losses imposed on such carriers. Calculable losses for carriers in the 15 
to 50 KC range can be expressed by the equation: a = .033f db/K yd; where: a = attenu- 
ation and f = frequency in KC. im To further minimize underwater acoustic interference, 
this carrier should be frequency modulated. In this manner such phenomena as back- 
scattering, refraction and ambient sea noises can be circumvented. The distance limi- 
tations for pure audio spectrum transmissions, from the above formula, can be seen 

for this application as non-existent when a high frequency carrier (15 to 50 KC) is used, 


and thermoclimatic absorption in negligible. 


In use, all of the advantages of the third approach come into play. Operational verifica- 

tion will be accomplished as soon as the diver enters the water on his way to the stricken 
aircraft. There would be no loss of time; and the diver is completely free to work, with- 
out regard to entanglement or loss of communications. By using instruments of this na- 

ture, not only are communications from submerged diver to surface or aircraft possible, 
but between any number of submerged divers. The integration of supersonic transducer/ 
transceiver items into the diver's suit (either wet or dry) will permit constant communi- 
cations to be maintained even though, due to some reason, it would be necessary for the 

diver to ditch his SCUBA gear while submerged. As opposed to the second example, the 

diver could ascend in such instances and maintain communication throughout his ascent 


aS well as upon surfacing. 


The only seeming disadvantage of this system would appear to be its initial cost. Con- 
siderable ground work has been covered in low-frequency underwater communications, 
transducers (both magnetostrictive and electrostrictive ceramic), miniaturization of 
constituent components and packaging, yet these elements have never been joined in 


this context. 


to Sheehy, M.J. and Halley, R., 'Measurement of the Attenuation of Low-Frequency 


Underwater Sound", The Journal of the Acoustical Society of America, Vol. 29n4, 
April 1957. 
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Advantages of this solution are manifold and include complete freedom of the diver, en- 
abling him to go directly to work, as well as to work in areas of extreme physical con- 
gestion (weed, airframe, debris). Reliability, too, is inherent to this solution, since 
there is no dependence on cabling or other potentially severable connections. And, 


there is no time consumed in preparation. The diver is ready for descent immediately. 
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CONCLUSION 


In view of the foregoing discussion, the fourth and last approach is recommended. All 
requirements for submarine-to-surface communications are fulfilled, losses and marine 
noise phenomena averted, complete mobility of the diver is insured, and absolutely no 
time is dissipated on communications alone. There are no controls, adjustments or 
connections to be made by the diver; factors leading to "idiot proof'' communications. 
Logistics, as shown in the following technical discussion, would be restricted to an ab- 


solute minimum. Servicing would be held to a remove-and-replace level. 


Still another ramification of such a system would be its application to free diving in gen- 
eral (i.e. , salvage, ordnance or operational) where genuine voice communications have 


never really existed. 
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Underwater Communications: A System 
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SECTION II 
TECHNICAL CONSIDERATIONS 


A breakdown of equipments necessary for an underwater communications system, as pre- 
scribed in the preceding discussion, gives us three major units: A transceiver for the 
"home vehicle", the supersonic transceiver for the diver, and the float with integral com- 
ponents for translation and relay. As each presents problems inherent to its particular 


configuration, these shall be dealt with as individual items in the following. 


Home Vehicle Transceiver 

This instrument will be compatibie with either surface or aircraft operation and consists 
of a VHF Transceiver, all necessary cabling, end pieces and antenna components. Its 
operation will be straightforward and, once brought into play, can be monitored with 
existing radio nets in the area, Operating frequency allocation for this system will be 
made prior to delivery. Packaging for this unit, as presently conceived, will follow the 
latest advances permitting an optimized use of semiconductors, modular circuit construc- 
tion, and encapsulation. Repair of these units, taking advantage of high production stand- 
ardization, circuit boards and modular assembly, would merely consist of removal and 
replacement. ''Home vehicle" installations, miniaturization and construction, will re- 
quire minimum weight and space, as well as afford extremely flexible mounting. Exist- 
ing communications equipment might also be used for "home vehicle" gear. The only 
considerations necessary for their use would be type of modulation and operating freq- 
uencies. These system aspects could readily be incorporated into the float VHF Trans- 


ceiver with minimum difficulty. 


Float 
As previously described, this unit will not only act as a vehicle for VHF transceiver and 
supersonic transceiver/transducer, it will serve two utilitarian functions: that of locator 
device for both the diver and home vehicle, and rest point for the diver and rescued party 
(or parties) brought to the surface. The float would be constructed of polyethylene foam, 
sealed and colored for maximum visibility. te Communications equipments consituting 
this portion of the system would be housed in a watertight plastic capsule and mounted in 
the float's center. The float would be designed to right itself upon water entry, and offer 


sufficient buoyancy for several men who could potentially cling to its edge. The transdu- 


18 coast Guard orange on the top and white on the bottom, are recommended for this 


purpose. 
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Underwater Communications System Float 
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cer would be affixed to the float's bottom for maximum efficiency. The VHF antenna 
would be contained in a non-interfering plastic bubble on the top, to avoid salt contam- 
ination of this element during operation in any weather. All constituent electronic 


components would be transistorized and potted. 


To power this instrument, there would be an integral rechargeable battery, fully charged 
at all times. As a precaution against possible failure of the underwater supersonic link, 
a combination microphone/speaker would be built into the float permitting communica- 
tions from the surface. This microphone/speaker combination would also act as a psy- 
chological aid to any rescued parties in again being able to contact their fellows. _ 
Submarine operation frequencies would lie between 15 and 50 KC, as this "band" would 
appear ideal for this application. aS To avoid the introduction of ocean noise phenomena 
into this intelligence, the carrier will be frequency modulated. Voice modulation, both 
at the float and the diver's instrument, would be held to a 2.25 KC spread between 250 
and 2,500 CPS, permitting full advantage of low-frequency underwater transmission. 
Should other units be used, necessitating different frequencies, ample bands would be 


available without loss of efficiency or interference. 


Diver's Supersonic Transceiver 

This instrument, affixed to the diver's suit, will be miniaturized, fully encapsulated 
and consist of but two units (the supersonic transceiver/transducer and a head set). 
Since communications from this item will be maintained underwater, it is suggested 

the transceiver be attached to the diver's leg by means of a pocket in his exposure suit. 
Necessary cabling can be made on the inside of the suit for subsequent connection to the 
head set. As in the "home vehicle" unit, both weight and space would be held to a mini- 


mum. There are two reasons for attachment of this instrument to the diver's leg. 


First, in this position it would offer least hindrance to the diver's mobility. Due to its 
lightweight (perhaps slightly negative buoyant) and small size, it would pose no problem 
and would not be in the diver's way. Too, in this position the diver could ditch his gear 
(tanks, weight belt and sundry equipment) and still continue transmissions to the "home 


vehicle". 


17 psychological aspects of mild traumatic depression would point up the desirability of 


such a feature. 
Sheehy, M.J., op. cit. 


Isaak, R.D., ''Underwater Communication", The Journal of the Acoustical Society of 
America, Vol. 28n4, p. 556, July 1956. 
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The second reason lies in the mode of radiation. To sustain supersonic underwater communi- 
cations of an omnidirectional nature, the transducer unit should be submerged for reasonable 
effectivity. Should this instrument be mounted on the diver's back or belt, as the diver neared 
or was on the surface, communications would suffer. By placing the transducer and transmis- 
sion components of this system at a point on the diver which --- at no time during operations 


after water entry --- will break the surface, communications will be secured. 


Supersonic Transceiver 

This instrument will consist of fully encapsulated circuitry with integral transducer. The 
transducer element suggested for this application will be a ceramic electrostrictive unit (bar- 
ium titante). 20 Ceramic electrostrictive transducers are not only easily manufactured to any 
physical configuration and rugged enough to withstand the impact of water entry, but are small 
enough (in the suggested frequency band) not to impede the diver in his work. Piezo Electric 
crystal transducers, on the other hand, become complex units, ungainly in size and somewhat 
delicate for this application. s The circuitry will be transistorized, fully potted and have an 
integral battery. There are potentially three battery types available for this task: recharge- 
able alkali; disposable mercury; and salt water activated. For this particular application 
where operations may not be in salt water, the disposable mercury battery appears to be most 
desirable. The entire instrument will be ready for operation at all times, and connected into 
the diver's suit prior to his being carried aloft by the helicopter. The frequency of operation 
will be preset as determined by the operating frequency of the float. Cable will be integral to 
the transducer/transceiver and will be mated to the head set via watertight connector. There 
will be no operating controls as such, on this instrument. Connecting the headset cable will 


activate the receiver section while the transmitter portion will be voice controlled. 


Diver's Head Set 

The head set will consist of two waterproofed components: an earphone and a throat 
microphone. The earphone will be of the bone contacting type to minimize the impedance 
losses inherent in conventional ai The microphone would be of the throat type, and 


therefore not requiring connection to the diver's faceplate. The entire head set poses no 


eo Rand, George, "Sonar and the Fourth Dimension", Sperry Engineering Review, VII, pp. 6-9, 


October 1958. 


a1 
The USRL Type E8 Transducer --- An Underwater Sound Calibration Standard for the 100- 
1000 Kilocycle Frequency Range. Underwater Sound Reference Laboratory Report No. 22, 
June 1952. 


Ide, Dr. John M., Signalling and Homing by Underwater Sound; For Small Craft and Comm- 
ando Swimmers. Naval Research Laboratory Sound Report No. 19, June 1944. 


22 


eye e! 


Vek dt Quratt ; 
~—- 
ite i Pete ssi witli sh 7 . 
cfs li “nt | re) Janet ieee, 4 * Ad bit 


bay a I 


ae 


jeyajie OEE CD Rohe Tlie ae vat cree 
Pees Mee otis La wate = 

i °° s | Adee 0 re fhe 2 
oN - 5 et 
bir be PG he Ye Sait ie Dae | 


' ret’ NOTICE @,| ives lnuwse P 


_— a | iiieaia i] quti prensa 
ab evade (pat eae are fonneset4 tna 


1) Spent 6 thin AA pre Ora 


Sa 


t TELE ‘arr hoagie Gat Wtf) me 

discat owt huiagaisa at ’ 1 eh 

poi tag Se rei a ' 

iro hm tere timed 4 Ot 

> oF tal 18 (am @ 00 ot 
| ty a shot! Pine wit ¢ 

| aa Qe ea fei, Wri sine OF 

wt : ot bt lenttteieae iia 

vi | eva ONS Nh 7 

| v4 haiieendery wae 

ts ara Five unaert aif © A yatta Qe LOY ste 

. it waht ah 


we 
RoePethteadd we a Lal tt 


iit ak al 


Md Ce oil? ali ig 


1 “opine Vane eerie? al raf 


i, ' ts “A Ahern nga’ 
"ad 


—“ 
- a 


animelee (ian ust Tee 


Se 
_ 


7. 


= 


; isbn) A\.-== Pep 5 y 


AW verse tee viadl ont yee 


er 
ows 90 amen heetael 
yi Se pam 


availability problem as it consists of standard items throughout. Connection to the head set 
will be made after the diver is in his suit through watertight jacking and will effectively ener- 
gize the transceiver. As headset weight, size and location will not hinder the diver --- nor 


present ditching difficulties, this jacking need not be "quick release". 


These diver's instruments would be operable at all times, regardless of water position. 
Should two or more divers be operating in the same area, these units would be fully com- 
patible with each other and permit communications between divers as well as with the sur- 
face. In such instances, only one float would be necessary, as satellite supersonic instru- 
ments would be operated on the same frequency. Should several such rescue groups be 
working in the Same vicinity, and confusion result from numerous links being operated on 
one frequency, then separate bands could be provided to isolate these groups from one 
another. Each supersonic frequency used would necessitate another float, not only for 
operating frequency allotment, but as a safeguard for sustained transmissions, as each 
float would be in the immediate area of the divers using that particular frequency, mini- 


mizing the distance (and potential disturbance of communications) between diver and float. 
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